studies, the pain associated with a single injection was measured. Few studies, however, have measured the degree of pain after repeated injections in the same patient [14] , and the degree of subjective pain felt after injection might be different for each injection.
Thus, the purpose of this study was to evaluate clinical factors that might affect the degree of pain following intravitreal injections. In addition, we evaluated factors that might be associated with changes in the degree of pain in patients who received repeated injections.
Materials and Methods
This was a prospective, observational study. All patients were given an explanation of the aims of the study, and informed consent was obtained from each patient before intravitreal injection. This study was reviewed and approved by the institutional review board of Kangdong Sacred Heart Hospital, Seoul, Korea (2015-12-020). All study conduct adhered to the tenets of the Declaration of Helsinki.
Patients and drugs
We consecutively enrolled patients who underwent intravitreal injection from December 1, 2015 to November 30, 2016. Inclusion criteria were as follows: patients with neovascular age-related macular degeneration, diabetic macular oedema, retinal vein occlusion with macular oedema, and others who underwent intravitreal injection. Exclusion criteria were as follows: patients with any ophthalmic diseases that might affect the degree of pain, such as severe dry eye or corneal diseases; patients with systemic conditions that might affect the degree of pain, such as diabetic polyneuropathy; or patients who were unable to read and respond to the questionnaire. Drugs used for intravitreal injection were bevacizumab, ranibizumab, aflibercept, and dexamethasone implant.
Process of intravitreal injection
After the patient reclined for the injection, two drops of topical anaesthetic (proparacaine hydrochloride 0.5%; Alcaine, Novartis, Basel, Switzerland) were administered. After 5 minutes, the periocular skin, eyelids, and eyebrows were disinfected with 10% povidone-iodine. Patients were kept waiting for 5 to 10 minutes before the operator entered the operating room. The waiting time was defined as the time interval between when the patient entered the room and when they received the injection. When the operator came into the room, a speculum was placed into the patient's eye, and two drops of topical anaesthetics and 5% povidone-iodine were administered into the eye. After 1 minute, injections were administered to the superotemporal quadrant of the right eye and to the superonasal quadrant of the left eye because surgeons were right-handed, except in 5 cases where injections were administered to the other quadrants due to conjunctival lesions or scars. Drugs used for intravitreal injection were bevacizumab (0.05 mL; Genentech, San Francisco, CA, USA), ranibizumab (0.05 mL; Novartis, East Hanover, NJ, USA), aflibercept (0.05 mL; Regeneron, Tarrytown, NY, USA), and dexamethasone implant (0.7 mg; Allergan, Irvine, CA, USA). Anterior chamber paracentesis (ACP) was performed immediately after intravitreal injection using a manually bent 30-gauge needle penetrating the anterior chamber in the limbal region, and about 0.1 mL of aqueous humour was sampled. After the overall process of intravitreal injection, we recorded the presence or absence of subconjunctival haemorrhage and whether ACP was performed. ACP was performed at the surgeon's discretion and was performed in most patients to decrease the intraocular pressure spike after intravitreal injection [15] ; however, ACP was not performed when the anterior chamber was very shallow in order to prevent lens damage. Degree of pain was assessed using a visual analogue scale (VAS) 5 minutes after the injection. The VAS ranged from 0 to 10. In patients who underwent repeated injections, the same surgeon performed the procedure, and patients were asked to describe changes in the degree of pain compared to previous injections using one of the following descriptive terms: increased, unchanged, or decreased.
Statistical analysis
IBM SPSS ver. 23.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. A p-value <0.05 was considered significant. Student's t-test or one-way analysis of variance (ANOVA) was used for univariate analysis to investigate factors associated with the degree of pain following intravitreal injection. Multiple linear regression analysis was also used to evaluate factors associated with pain score. Patients who assessed their degree of pain more than once were classified into three groups: increased, unchanged, or decreased. The increased group was defined as patients who reported more pain during the current treatment than previous injections. The unchanged group included those who did not perceive a noticeable difference compared to the previous injection, and the decreased group included those who felt less pain compared to the previous injection. Clinical factors were compared among the three groups using a one-way ANOVA test.
Results
In this study, 172 eyes of 147 patients were finally enrolled for analysis. Indications for injection were wet age-related macular degeneration (34.9%), diabetic macular oedema (22.7%), macular oedema associated with retinal vein occlusion (16.3%), and other diseases such as diabetic vitreous haemorrhage, myopic choroidal neovascularisation, or pseudophakic cystoid macular oedema (26.2%). Drugs used for intravitreal injection were bevacizumab (51.7%), ranibizumab (15.1%), aflibercept (25%), and dexamethasone implant (8.1%) ( Table 1) .
Pain score was significantly higher in women than in men (women, 3.1 ± 1.5 vs. men, 2.4± 1.2; p = 0.003, Student's t-test). Pain score of the dexamethasone implant injection group was significantly higher than that of the anti-vascular endothelial growth factor (VEGF; bevacizumab, ranibizumab, and aflibercept) injection group (dexamethasone implant, 3.5 ± 1.1 vs. anti-VEGF, 2.7 ± 1.4; p = 0.028). In addition, the pain score was significantly lower in patients who underwent ACP than in patients who did not (ACP, 2.6 ± 1.3 vs. no ACP, 3.0 ± 1.6; p = 0.047). There was no significant difference between the group that experienced subconjunctival haemorrhages (SCHs) and the group that did not, but the group with SCHs tended to have a higher pain score (SCH, 3.1 ± 1.6 vs. no SCH, 2.6 ± 1.3; p = 0.069). However, factors such as age, laterality, underlying disease, indications for injection, and previous injection experience were not associated with degree of pain ( Table 2) .
On multiple linear regression analysis, only female sex (standardized coefficient β = 0.208; p = 0.005, multiple linear regression) and ACP (standardized coefficient β = -0.214, p = 0.035) were significantly associated with degree of pain (Table 3) .
We classified patients who assessed their degree of pain more than once during the study period into three groups. Seven patients reported that their degree of pain increased compared to the previous injection (increased group), 44 patients reported a similar level of pain (unchanged group), and 17 patients reported decreased pain compared to the previous injection (decreased group). The increased group also rated significantly higher pain scores for the second injection (second pain score, 4.4 ± 0.8 vs. first pain score, 2.1 ± 1.5; p < 0.001, one-way ANOVA test). The unchanged group reported a similar level of pain for both injections (second pain score, 2.8 ± 0.8 vs. first pain score, 2.9 ± 1.5; p = 0.514), while the decreased group reported a decreased level of pain on the second injection (second pain score, 1.5 ± 1.1 vs. first pain score, 3.5 ± 1.7; p = 0.005). The waiting time during the second injection was significantly longer in the increased group compared to the other groups (increased group, 16.0 ± 5.4 minutes; unchanged group, 13.2 ± Values are presented mean ± standard deviation (minimummaximum) or number (%). AMD = age-related macular degeneration; ME = macular oedema; RVO = retinal vein occlusion. 2.6 ± 1.6 Diabetic ME (n = 39) 2.5 ± 1.1 RVO ME (n = 28) 3.2 ± 1.6 Others (n = 45) 2.8 ± 1. Interval between first and second injections (mon) 2.4 ± 2.5 2.6 ± 1. Patients in our study who underwent a second injection were classified into three groups according to change in the degree of pain of the second injection compared to the first; Values are presented as mean ± standard deviation or number (%). AMD = age-related macular degeneration; ME = macular oedema; RVO = retinal vein occlusion; VEGF = vascular endothelial growth factor; first = first injection; second = second injection; SCH = subconjunctival haemorrhage; ACP = anterior chamber paracentesis. * Calculated using one-way analysis of variance.
4.4 minutes; decreased group, 11.2 ± 2.7 minutes; p = 0.036). The waiting time during the first injection tended to be longer in the increased group, although there was no statistical significance ( p = 0.097). There were also no significant differences among the three groups regarding age, sex, underlying diseases, accompanying SCH, or ACP (Table 4).
Discussion
According to previous studies, there was a significant difference in the degree of pain following intravitreal injections between men and women. Of these studies, that by Rif kin and Schaal [14] reported that women probably reported lower pain scores due to personality, emotional state, or expectation of a positive result; Haas et al. [16] reported that females reported higher pain scores due to multiple factors such as sensitivity to noxious stimuli, sex hormones, and others. According to studies investigating the relationship between general pain and sex [17, 18] , women are more prone to perceive pain compared to men. Suggested mechanisms for higher perceived pain in women include menstruation-related hormonal changes, a higher level of activity in the endogenous opioid system that controls pain sensitivity, differences of spatial patterns in brain imaging, and a stronger analgesic response. The increased perceived pain in women after intravitreal injections in our study could also be interpreted based on these factors.
Several studies have investigated the relationship between needle size and pain. One study reported that there was no difference in the degree of pain between 30-gauge and 27-gauge needles [5] , but patients in several other studies reported less pain when using a 30-gauge needle compared to a 27-gauge needle [13, 16] . Moisseiev et al. [8] also reported that there was no significant difference in the degree of pain between bevacizumab and dexamethasone implant injections, which might be because of the tunnelled technique to prevent vitreal ref lux used in dexamethasone implant injection. In our study, univariate analysis revealed that pain scores were higher in the dexamethasone group compared to the anti-VEGF injection group; however, there were no significant differences according to multivariate analysis. It seems that, if appropriate anaesthesia is applied, a 27-gauge dexamethasone implant injection does not induce significantly greater pain compared to a 30-gauge fine needle injection.
Interestingly, in this study, patients who underwent ACP during the injection procedure reported less pain than those who did not. There have been reports that ACP after intravitreal injection can decrease intraocular damage by decreasing intraocular pressure after injection [15, 19, 20] . Knip and Valimaki [19] also reported that ACP did not significantly increase pain. Based on the previous study results and our results, it seems that the additional ACP procedure during intravitreal injection does not cause additive pain in patients or can alleviate discomfort by reducing the initial intraocular pressure spike following intravitreal injections. In previous studies, ACP was performed before intravitreal injections, while ACP was performed immediately after intravitreal injections in our study. The procedure order might have affected the degree of pain. Thus, further study is needed to reconfirm whether ACP is associated with the degree of pain of patients who undergo intravitreal injections.
In addition to the aforementioned factors, there have been some reports on differences in the degree of pain according to age [8, 14, 16] , type of anaesthetic [4, 7, 11, 21] , and location of injection [12, 22] . Rif kin and Schaal [14] reported that older patients perceived more pain during intravitreal injections; however, others reported that older patients were associated with lower degree of pain [8, 16] . In this study, we did not find any difference in the degree of pain according to patient age. Regarding injection location, some reported that there were no differences according to injection location [22] ; however, some reported that less pain was associated with the superotemporal quadrant injections [12] . In this study, we used uniform methods of anaesthesia and injection location; thus, we were not able to assess the influence of these factors on the degree of pain.
In patients who received repeated injections, previous injection experience might affect the degree of pain. Rif kin and Schaal [14] reported that pain decreased as the number of injections increased. However, Haas et al. [16] reported that the degree of pain is greater in patients with a higher number of previous injections. There have also been reports that the degree of pain was not associated with previous injections [12] . Direct comparison is difficult because the type and interval of injections were different among studies; thus, the effect of previous injection expe-rience on post-injection pain has not yet been established.
In our study, there was no difference in the degree of pain according to the number of previous injections. In this study, 68 patients assessed their degree of pain at least twice. Of these, most patients assessed the degree of pain as similar to that experienced during the previous injection, and the majority (90%) reported that pain was similar or decreased compared to that experienced during the previous injection. Those who evaluated the degree of pain following the later injection as different from the first injection actually rated it differently on the VAS. Thus, we could reconfirm that these patients actually felt differently between the two procedures. We investigated possible factors that might affect changes in the degree of pain; however, there were no significant differences among the 3 groups except waiting time for the second injection. It is plausible that patients who waited longer in the procedure room might have experienced more anxiety, which could have increased discomfort, and a recent study also reported a relationship between preprocedural anxiety and pain in intravitreal injections [23] . However, there were no significant differences among groups in terms of sex, performance of the ACP procedure, or SCH occurrence, which were shown to be associated with the degree of pain in multivariate analysis. There were also no significant differences among the 3 groups in waiting time difference between the first and the second injections, and further studies with a large number of patients are needed to clarify the relationship between waiting time and degree of pain.
Our study has some limitations. It included both treatment-naïve patients and those who had undergone previous injections. The interval of injection treatment in patients varied. These could have reflected a real-world treatment environment; however, the small sample size might have reduced the power to detect factors that might be associated with pain following intravitreal injections. ACP was associated with less pain; however, the intraocular pressure change after injection was not measured in this study. Additional factors such as personal characteristics or psychosocial factors should also be considered in evaluating the degree of perceived pain. Further studies that include a larger number of patients in a controlled setting are needed.
In conclusion, women were more prone to perceive pain, and the ACP procedure reduced pain during intravitreal injections. Most patients felt that the degree of pain following intravitreal injection was similar or decreased compared to that experienced during previous injections. However, increased waiting time might be associated with increased discomfort in patients who received repeated injections. Further study is needed to determine whether treatment delay affects the patient's psychological state, such as level of anxiety, and whether these factors affect the degree of pain.
